Abstract.-Between-population variation of changes in numbers can provide insights into factors influencing variation in demography and how population size or density is regulated. Here, spatio-temporal patterns of population change of Herring Gull (Larus argentatus), Lesser Black-backed Gull (L. fuscus) and Great Black-backed Gull (L. marinus) in the British Isles are described. The aim of this study was to test for density-dependence and spatial variation in population trends as two possible, but not mutually exclusive, explanations of population changes with important implications for the understanding of these changes. Between 1969 and 2013, the three species showed different population trends with Herring Gulls showing a strong decline, Lesser Black-backed Gulls an increase until 2000 but then a decline since, and Great Black-backed Gulls showing no clear pattern. Population changes in Herring Gulls varied between different regions of the British Isles with decreases in the northern and western parts of the British Isles and no clear trends elsewhere. Population changes were density-dependent in the Herring Gull, and Lesser Black-backed Gulls showed faster population increases at lower Herring Gull densities. Herring Gulls seemed to seek refuge in urban environments, whereas Lesser Black-backed Gulls expanded their range into the urban environment. The large declines in hitherto abundant species create a dilemma for conservation bodies in prioritizing conservation policies. The spatial variation in population changes and the differences between species suggest that there is no single cause for the observed changes, thus requiring region and species-specific conservation management strategies.
The British Isles host more seabirds than comparable areas at similar latitudes in continental Europe because they are surrounded by highly productive seas. Some of the seabird species have shown large fluctuations in numbers over the last century. Because of their colonial nesting behavior, which allows collection of large numbers of birds and eggs, seabirds were particularly vulnerable to human exploitation that peaked in the 19th century in the British Isles (Newton 2013) . After protective legislation was put in place to curb human exploitation, and an upsurge in food supplies occurred mainly from human fishing activities, many British seabird populations increased again and spread in the latter half of the 20th century (Cramp et al. 1974; Lloyd et al. 1991; Mitchell et al. 2004) . The on going monitoring of seabird numbers provides valuable information on the state of the marine environment in which they live (Furness and Greenwood 1993) .
Three of the seabirds that showed such large fluctuations were the large Larus species: Herring Gull (Larus argentatus), Lesser Black-backed Gull (L. fuscus) and Great Black-backed Gull (L. marinus). The British Isles host a significant proportion of their biogeographic population (from 16% for L. marinus to 63% for L. fuscus; Mitchell et al. 2004) . Insofar as we know, the three large Larus species were not uncommon in the British Isles during the 19th century, with their main distribution being to the north of Scotland and on the western seaboards of Scotland, Wales and Ireland (Holloway 1996) . During most of the 20th century, following the implementation of protective legislation in the early 1900s, their populations expanded and colonized new areas and/or reoccupied areas from which they had been driven by persecution (Cramp et al. 1974; Chabrzyk and Coulson 1976) . Reasons for this increase are thought to be increased protection and increased food availability from human activities, refuse and fisheries discards (Furness and Monaghan 1987 ; but see Coulson 2015) . Most recently, however, worrying declines for all three species were reported (Eaton et al. 2013) .
The population dynamics of marine top predators, like the Larus species, may be selfregulated through local prey depletion and interference (Furness and Birkhead 1984; Birt et al. 1987; Lewis et al. 2001; Ainley et al. 2003) , and rates of population change may be negatively correlated with their abundance (density dependence hypothesis). Population changes may also reflect environmentally induced changes in resource availability (Davoren and Montevecchi 2003) that cascade through the food web (regional variation hypothesis). If spatio-temporal variation in resource availability is determined by environmental changes, colonies exploiting the same local resources would be expected to show similar population trends and, therefore, geographic clusters would show similar population dynamics. Although most species are likely to show spatial variation in demography, case studies covering a substantial part of a species' range are rare (but see Dhondt 2001) . Exploration of spatial variation in demography can provide insights into factors influencing population dynamics. Throughout a larger range, populations are likely to be exposed to a greater range of environmental conditions, thus studying populations across a large range will increase the power of the study (Bairlein 2003) . The density dependence and regional variation hypotheses have profoundly different implications for population control, and determining which mechanisms are most important in determining abundance is critical for our understanding of population dynamics (Montevecchi 1993) .
Here, we explore the regional variation and density-dependence in population change of the three large gull species, Herring Gull, Lesser Black-backed Gull and Great Black-backed Gull, breeding in the British Isles, northeastern Atlantic, between 1969 and 2013 to gain insights into two possible, but not mutually exclusive, explanations for the observed population changes. By including different species that differ in their general ecology (only the Lesser Blackbacked Gull is migratory, all three species differ in their use of food supplies; Furness et al. 1992; Noordhuis and Spaans 1992; Kim and Monaghan 2006) , variation in population changes among species and among regions may point toward potential causes of changes in population abundance in the British Isles.
MetHOds

Data Sources
We used two sources of data to evaluate the changes in abundance of the large gulls in Great Britain, Isle of Man, Channel Islands and Ireland, hereafter referred to as the British Isles. First, three comprehensive assessments of the abundance of breeding seabirds in the entire British Isles were carried out in 1969 -1970 Cramp et al. 1974 ), 1985 -1988 Lloyd et al. 1991 ) and 1998 (Seabird 2000 Mitchell et al. 2004) . Secondly, we used more recent surveys from the Seabird Monitoring Programme (SMP; Joint Nature Conservation Committee 2014a) that provide an index of population changes since 2002.
Operation Seafarer, Seabird Colony Register and Seabird 2000 followed the same essential methodologies to quantify numbers of coastal nesting Herring, Lesser Black-backed and Great Black-backed gulls separately. Essentially, the entire coastline within 5 km of the high-water line (on Orkney, Shetland and Western Isles, all colonies were considered coastal even if more than 5 km from the coastline) where there were previous reports on seabird presence were surveyed. Observers counted all apparently occupied nests (AON; well-constructed nest either containing eggs or young or capable of holding eggs, a well-constructed nest attended by an adult, or an adult apparently incubating) during the daytime in the peak incubation period when most gulls were expected to be on eggs (Mitchell et al. 2004) .
Seabird 2000 also covered roof-nesting gulls (colonies on man-made structures, mostly roofs) and gulls nesting at inland sites. Roof-nesting gulls were not considered in Operation Seafarer and Seabird Colony Register, but specialist national surveys of roof-nesting gulls were carried out in 1974 -1976 (Monaghan and Coulson 1977 ) and in 1994 -1995 (Raven and Coulson 1997 , allowing us to separate population changes between different breeding habitats (coastal nesting vs. roof-nesting pairs).
To look at changes in population abundance of gulls since 2002, we included information from the SMP. Started in 1986, SMP monitors an extensive sample of gull colonies in different breeding habitats each year, and values for missing years (where these existed) were estimated using an 'imputation' method (Thomas 1993) . The estimated population abundance from the SMP is an index expressed as a percentage of the population abundance in the first year of the time series (1986) which was set as 100%. Based on the absolute number of gulls in the Seabird Colony Register (1985) (1986) (1987) (1988) , when the SMP population index was set at 100%, and the SMP population index for 2000, we can calculate the number of gulls estimated by the SMP survey by multiplying the SMP index in 2000 by the absolute population abundance in the Seabird Colony Register. We then compared this to the more exhaustive population assessment by Seabird 2000 to check the representativeness of the SMP population index. Similarly from the SMP population index for 2013 (Joint Nature Conservation Committee 2014a), we could estimate the absolute population abundance of gulls in 2013, allowing us to investigate their population trends since 2002. The SMP also monitors demographic parameters at key colonies, and we extracted annual productivity rates (fledglings/ breeding pair) for Herring, Lesser Black-backed and Great Black-backed gulls to test for temporal changes in productivity between 1986 and 2012 (the period for which data are available).
Population Growth Rates
For Operation Seafarer, Seabird Colony Register and Seabird 2000, Mitchell et al. (2004) provided the number of AON per administrative area, which correspond to the English and Welsh counties, Scottish and Northern Irish districts and Irish vice-counties. We chose the data per administrative area as the basis of our analyses as birds can move between neighboring colonies and the data at a broader spatial scale provide a more integrated temporal trend (Parsons et al. 2008) .
Changes in abundance are expressed in two ways. To compare changes between intervals of different duration, we calculated percentage change per annum (% pa) as t  N(t)/N(0) where N(0) is the initial count and N(t) is the count t years later. Secondly, we calculated population growth rate (GR) using the following formula based on Guillaumet et al. (2014) :
where N t+1 and N t are two counts and Maximum [N t+1 , N t ] is either the earlier or later count, whichever was the higher value. The equation based on Guillaumet et al. (2014) was used instead of the more conventional calculation for population growth as this calculation of GR avoids the issue of undefined growth rate for newly colonized administrative areas, which occurred during the period studied here in Lancashire, West Sussex, Hampshire, Suffolk, East Sussex, and Dorset, whilst still providing a good estimate of the population change (Guillaumet et al. 2014) . Our estimate of GR is monotonically related to the conventional measure of population growth (N t+1 /N t ) with Spearman correlation coefficient r s = 1.0 in all three species. GR thus provides an adequate alternative to describing population trends where new populations are established during the study period (Guillaumet et al. 2014) .
Biogeographic Sea Regions Around the British Isles
We combined administrative areas into distinct biogeographic zones, each having a specific oceanography (primarily temperature, depth and current) that supports characteristic biological communities (Dinter 2001) . Coastal waters around the British Isles cover two broader biogeographic regions of the northeastern Atlantic: Greater North Sea east of 5° W and Celtic Sea west of 5° W (OSPAR Commission 2014). For U.K. waters only, the Joint Nature Conservation Committee identified Regional Seas Regions (RSR; Joint Nature Conservation Committee 2014b) on a finer scale based on the same biogeographic principles as the OSPAR Commission regions. For the purpose of our analyses, we used the following RSRs (using the same identification numbers as Joint Nature Conservation Committee 
Statistical Analyses
Because we had multiple measures of GR for each RSR (one for each administrative area), we could calculate a mean GR and 95% confidence interval of the mean per RSR for the period . If the 95% confidence interval does not overlap with 0, then we can say that the population in that RSR increased (positive GR) or declined (negative GR). Because the SMP index has no spatial resolution, and we have only one value at the start and one value at the end for the period 2000-2013, we can only calculate one value of GR for each of the three gull species for that period for the entire U.K., and we cannot judge whether these observed changes in numbers are statistically significant or not.
To test for differences in GR between RSRs, we used ANOVAs with GR per administrative area as a response variable and RSR as a fixed factor; separate ANOVAs were carried out for each of the three species. To test for the effects of population abundance on GR, we re-lated GR to the absolute population abundance at the beginning of the interval of interest using general linear models with GR as a response variable and population abundance per administrative area as a covariate and included RSR as a fixed effect to account for regional variation in both population size and GR. To test whether there were interactive effects between the three gull species, in a second step we added the population abundance per administrative area of the other two species to this general linear model. We analyzed the data separately for the periods of Operation Seafarer to Seabird Colony Register and Seabird Colony Register to Seabird 2000.
To investigate the relationship between population changes between 1969 and 2002 in different breeding habitats (coastal vs. roof-nesting), we related the number of roof-nesting pairs in Seabird 2000 (response variable) to the change in number of coastal-nesting pairs between 1969 and 2002 (explanatory covariate) and species (explanatory factor) using a general linear model. This analysis only included Herring and Lesser Black-backed gulls because very few Great Black-backed Gulls nest on roofs. We explored temporal changes in annual productivity rates of each species using correlations. All statistical analyses were carried out using the program SPSS (SPSS, Inc. 2013) . A significance level of P < 0.05 was used, and results are presented as means ± 95% confidence intervals of means if not stated otherwise.
Results
Numbers of breeding pairs of Herring, Lesser Black-backed, and Great Blackbacked gulls in the British Isles changed substantially over the last 4 decades, but the population trends differed between species (Fig. 1) . The coastal-nesting Herring Gull population declined by 1.1% per annum between 1969-1970 and 1985-1988 and a further 1.4% per annum between 1985-1988 and 1998-2002 (Fig. 1A) . Overall, the Herring Gull population of the British Isles declined by 57% between 1969 and 2002 with a negative mean GR across administrative areas of -0.27 (95% confidence interval: -0.43 to -0.11, n = 72). Numbers of coastal-nesting Lesser Black-backed Gulls on the other hand increased over the same period: 1.5% per annum between 1969-1970 and 1985-1988 and 2.7% per annum between 1985-1988 and 1998-2002 (Fig. 1B) . This corresponded to an overall population increase of 82% and a positive mean GR across administrative areas of 0.37 (95% confidence interval: 0.21 to 0.53, n = 64). Coastal-nesting Great Blackbacked Gulls were less numerous than the other two species. Although the number of AONs reported in 1998-2002 was 10% lower than in [1969] [1970] (Fig. 1C) , their mean GR across administrative areas was 0.055 (95% confidence interval: -0.12 to 0.23, n = 58) and not different from 0.
Between 1969 and 2002, the GR of coastal-nesting Herring Gulls differed between RSRs (ANOVA: F 7,63 = 2.78, P = 0.014; Fig.  2A ). Numbers of Herring Gulls decreased in the northern and western parts of the British Isles (Table 1 : RSRs 1, 4a, 7 and 8), but did not show clear trends elsewhere. There were no statistically significant differences in GR between RSRs for coastal-nesting Lesser Black-backed Gulls (ANOVA: F 7,56 = 1.96, P = 0.076; Fig. 2B ) and Great Black-backed Gulls (ANOVA: F 6,47 = 2.28, P = 0.050; Fig. 2C ).
We found density-dependent GR for coastal-nesting Herring Gulls during both sampling intervals (1969-1970 to 1985-1988 and 1985-1988 to 1998-2002) with administrative areas that held the largest numbers of Herring Gulls showing the greatest per capita declines ( Table 2 ). There was no evidence of negative correlations between GR and population abundance in the other two species (Table 2) . We also found weak evidence for an interaction between Lesser Black-backed and Herring gulls; between 1985-1988 and 1998-2002 , Lesser Black-backed Gull populations increased the least in administrative areas with the highest numbers of Herring Gulls (Table 2) .
Data on roof-nesting gulls suggested few birds were nesting on man-made structures in the 1970s (Fig. 1) . The relationship between number of roof-nesting pairs in Seabird 2000 and changes in numbers of coastalnesting pairs per RSR differed significantly between Herring and Lesser Black-backed gulls (general linear model, interaction species by change in numbers of coastal-nesting pairs: F 1,14 = 10.43, P = 0.006; Fig. 3 ). In Herring Gulls, RSRs that lost the largest number of coastal-nesting pairs were also the areas with the largest number of roof-nesting gulls in Seabird 2000 (correlation: r = -0.75, n = 8, P = 0.019). In contrast, for the Lesser Black-backed Gull the RSRs with the largest increases in coastal-nesting pairs also held the highest numbers of roof-nesting pairs in 2000 (r = 0.82, n = 8, P = 0.007). However, the number of roof-nesting pairs of Herring and Lesser Black-backed gulls are an order of magnitude smaller than the changes in population abundance in the coastal areas (Fig. 3) .
To assess the trends in gull numbers since 2000, we used the SMP index. Our estimate of the population abundance for 2000 based on the SMP index agreed well with the estimate of Seabird 2000 for all three species (Fig. 1) . Our estimate of population abundance in 2013 indicated that the number of breeding pairs of Herring Gulls was 30% lower than in 1998-2002, corresponding to a decline of 3.0% per annum. The number of breeding pairs of Great Black-backed Gulls was 24% lower in 2013 than in 1998-2002, corresponding to a 3.0% decline per annum. The number of breeding pairs of Lesser Black-backed Gulls was 48% lower in 2013 than in 1998-2002, corresponding to a discussiON There were differences in population changes between the three gull species and between biogeographic sea regions and breeding habitats for some species. For the Herring Gull, there is also evidence that their population abundance negatively relates to their own population growth and the population growth of Lesser Black-backed Gulls. Differential changes in population abundance between RSRs and nesting habitats points to changes in the gulls' traditional habitats and indicates that there is not one cause of population changes in all large gulls across all of the British Isles, but most likely a combination of species-specific factors that vary spatially are at work.
We found considerable changes in breeding coastal-nesting populations, but in opposite directions, for Herring and Lesser Black-backed gulls. Between 1969 and 2002, Herring Gulls declined, whereas Lesser Black-backed Gulls increased. There was no clear population trend in Great Blackbacked Gulls. Although Operation Seafarer, Seabird Colony Registry and Seabird 2000 had a comprehensive coverage of the British Isles, the coastlines in remote and sparsely populated areas were only incompletely surveyed in the first two surveys, which could underestimate the population abundances in the earlier surveys. In Seabird 2000, the coverage of those regions was improved and where some gaps remained, notably western and southern Ireland, few gulls had been previously recorded (Hannon et al. 1997) . Seabird 2000 recorded a substantial number of inland-nesting Lesser Black-backed Gulls (22%; Mitchell et al. 2004 ), but inland colonies were under-represented in earlier years, and thus the observed increase in Lesser Black-backed Gulls between 1969 and 2002 has probably been overestimated.
Information on population trends since 2000 were only available from a different survey of a sub-sample of colonies (SMP index), which expresses population changes as a percentage change relative to levels in 1986. SMP data also only covered the U.K. (without the Republic of Ireland). However, by the mid-1980s, the numbers of gulls breeding in the Republic of Ireland were so small (< 10% of the count of the whole of the British Isles) that the differences between U.K. and British Isles numbers were negligible. We showed that our estimate of population abundance based on the SMP index for 2000 agreed well with the Seabird 2000 results, and thus the colonies included in the SMP-index provide a good representation of the trends occurring in the whole of the British Isles. The inclusion of the 2013 estimates showed that population trends since 2000 were similar to the trends before 2000 for Herring and Great Black-backed gulls, but that the Lesser Black-backed Gull numbers had started to go down. Thus, the number of Herring Gulls breeding in the British Isles possibly peaked in the late 1960s or early 1970s, following a period of increased protection and food availability, but have declined ever since, and the species has been added to the U.K.'s Red List (Eaton et al. 2009 ). In contrast, the British Lesser Black-backed Gull population increased throughout the 20th century, as elsewhere in its range (Mitchell et al. 2004) , and the most recent trends suggest that the population possibly peaked around the turn of century. There was no significant rate of population change for the Great Black-backed Gull.
Other North Atlantic populations of large gulls showed similar temporal changes in abundance (Bond et al. 2016; Mittelhauser et al. 2016; Wilhelm et al. 2016) . In addition to differences in population trends between species, we also found regional differences in population trends in Herring Gulls between 1969 and 2002, when populations in the west and the north declined but no significant changes were observed in the east and the south. Regional variation in population changes in Herring Gulls is further supported by recent avian atlas work that also showed that their distribution within Britain has changed from a former stronghold along the northern coast of the British Isles to new colonies being established on the eastern seaboard along the North Sea coast and the southern coast of England (Balmer et al. 2013) . Thus, some areas that previously held a low proportion of the British population may now contain significant numbers of the British population (Grant et al. 2013) . Regional variation in population trends of Lesser Black-backed and Great Black-backed gulls were not significant.
Furthermore, there was a distinct shift in the breeding habitat occupied by Herring and Lesser Black-backed gulls. RSRs that lost a larger number of coastal-nesting Herring Gulls between 1970 and 2000 had a larger number of roof-nesting Herring Gulls in 2000. This could mean that built-up areas act as refuges for Herring Gulls where they withdraw to when conditions in their traditional coastal habitat deteriorates. In contrast, over the same period coastal-nesting Lesser Black-backed Gulls expanded their populations into both coastal-and roof-nesting sites as shown by the positive relationship between changes in coastal-and roof-nesting pairs. For both species, built-up areas possibly offer more food and safer nesting sites from predators (Monaghan and Coulson 1977; Raven and Coulson 1997) than the traditional coastal sites. It is unclear whether the increases in roof-nesting Herring Gulls were sufficient to compensate for losses in coastal-nesting Herring Gulls because of the difficulties of counting roof-nesting gulls accurately (Rock 2005; Calladine et al. 2006) . Until there are more accurate estimates of the roof-nesting gull populations, the true extent of the changes in the numbers of Herring and Lesser Black-backed gulls in the British Isles will remain uncertain.
We found evidence for density-dependent population changes only for Herring Gulls, with the largest populations showing the strongest declines when statistically accounting for spatial variation in abundance (i.e., the decline was not only strong in its former strongholds). Density-dependent population trends are also known from other seabirds such as Black-legged Kittiwakes (Rissa tridactyla) (Coulson 1983; Ainley et al. 2003 ; but see Frederiksen et al. 2005) and Northern Gannets (Morus bassanus) (Lewis et al. 2001; Moss et al. 2002) . Negative density-dependence could be due to local prey depletion or larger groups being more susceptible to conspecific nest predation or disease. The reason why Herring Gulls showed negative density-dependence, but not the other two species, is unclear, and could point to differences in spatial variation in resource use between the three species or differences in responses to conspecifics or diseases (Frederiksen et al. 2005) .
Our results support the regional variation hypothesis that population trends may be related to environmental factors that vary across the British Isles for Herring Gulls, but not the other two species. Food supply, interspecific competition, predation, disease and culling have been suggested as causes of population changes in the three British large gull species (Mitchell et al. 2004 ). Food supply is one of the most important factors determining changes in all animal populations (Sinclair and Krebs 2002) . Fisheries discards and landfill sites that possibly fueled the population increase up to the 1970s have declined since (Furness and Monaghan 1987; Oro et al. 2004; Votier et al. 2004; but see Coulson 2015) . This may have been compensated for, at least locally, by alternative food resources, for example swimming crabs of the subfamily Polybiinae in the North Sea (Luczak et al. 2012 ) and changes in agricultural operations (Coulson and Coulson 2008) . The three large gull species also differ in their foraging ecology as they depend on different components of the marine ecosystem (Kubetski and Garthe 2003; McLellan and Shutler 2009; Washburn et al. 2013) , so that changes in the marine environment can differentially affect co-existing populations of the three species.
Competition with the increasing numbers of Lesser Black-backed Gulls has been hypothesized to have led to the decline of Herring Gulls (Mitchell et al. 2004) . Howev-er, we found no evidence that Lesser Blackbacked Gull numbers limited Herring Gull numbers. Contrary to expectation, Lesser Black-backed Gull population growth between 1985 and 2002 slowed down where Herring Gull numbers were high. This effect was not found for the earlier period between 1969 and 1985 when Lesser Blackbacked Gull numbers were still lower and possibly high Lesser Black-backed Gull numbers exacerbated competition for resources between species. Predation, particularly by non-native predators, such as the American mink (Mustela vison) preying on eggs and chicks, may also have contributed to population declines (e.g., in West Scotland; Craik 1998) and could lead to regional population declines where the predators are established. Some diseases have been proposed to be important factors in local population declines, such as avian botulism possibly being the main cause for the large losses of Herring Gulls at some of the Irish colonies (Mitchell et al. 2004 ) and thiamine deficiency syndrome possibly being responsible for the declines of Herring Gulls in the Baltic Sea (Balk et al. 2009 ). In the 1970s and 1980s, gulls were also culled for conservation and public health reasons, which could have contributed to population declines, and some culling is still ongoing but at a reduced rate (Mitchell et al. 2004) . Different species are likely to be affected by different factors and the critical factor(s) for Herring Gulls is likely to show spatial variation explaining the observed between-and within-species variation in population trends.
It is also not clear when in the annual cycle populations are most severely affected by environmental constraints. Food limitation in British waters might be stronger in the nonbreeding season when Lesser Black-backed Gulls migrate south while Herring and Great Black-backed gulls depend on British waters. The more recent decline in the Lesser Blackbacked Gull may coincide with them becoming less migratory (Banks et al. 2009 ) or could be due to environmental changes on their wintering grounds. Great Black-backed Gulls, however, also winter in the British Isles, but their populations have not declined. To further assess the potential role of factors during the non-breeding season influencing the variation in population trends, we need studies of the ecology of all three species during the non-breeding season.
All the potential causes of population change can affect population dynamics through effects on fecundity and adult survival, but how these demographic parameters interact in driving gull population dynamics are poorly understood (Camphuysen and Gronert 2012) . We showed that across the U.K. productivity of Herring and Great Black-backed gulls declined through the 1990s and 2000s, whereas during the same period productivity of the Lesser Blackbacked Gull did not change. Temporal trends in adult survival are only available for one site, the large population breeding on Skomer in southwestern Wales, where between 1994 and 2003 survival rates of Herring and Lesser Black-backed gulls declined and coincided with a rapid decline in their numbers breeding at that site (Joint Nature Conservation Committee 2014c). We know very little about spatial variation in survival and productivity of large gulls and future work needs to focus on these factors for a better understanding of the drivers of populations of large gulls in the British Isles.
The large decline of Herring Gulls, a hitherto abundant species, has taken many people by surprise and now clearly marks this species as one of high conservation concern, while it was formerly treated as a pest species. The regional variation in population dynamics observed here will necessitate area-specific management strategies rather than one national conservation strategy. To better understand the population changes and what this tells us about changes in coastal ecosystems in which the gulls live, we will need better information on what ecological factors affect fecundity and survival in gulls, which are currently poorly explored.
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